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I. INTRODUCTION

The present report is the second quarterly report under Contract
NASw-1586 and covers the period 25 April 1967 to 24 July 1967. The
problem being considered is the boundary layer that will develop over
the segmented electrode wall in an MHD channel when a non-equilibrium
plasma is flowing. In our analysis the characteristics of the plasma
sheath at the base of the continuum boundary layer as well as the vari-
ation of the electron temperature throughout the boundary layer are
considered. Due to our desire to study finite electrode segments in the
wall over which the boundary layer develops, we shall use a finite dif-
ference technique in solving the boundary layer equations. This will

permit the study of non-similar behavior in a reasonably accurate way.



II. ANALYSIS

In order to complete the formulation of our boundary layer problem
one item, in addition to our development in the first quarterly report,
remained. We needed some convenient way of specifying conditions at
some initial § station before proceeding with the full finite difference cal-
culation. This problem has been resolved by assurming ''local similarity"
at this initial location (jy = Ex = 0). In other words, our original equations
were simplified by neglecting all ‘ga'g‘ terms and treating § .,..)as @
parameter. The resulting equations are shown below:

Momentum:

@5y +£f =0 (1)

Overall Energy:
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where ( )' = -&;

Boundary Conditions:

n=0 £=1 =20, g=gg
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The above set represents three coupled non-linear ordinary differential

equations that have to be solved simultaneously while satisfying two point
boundary conditions. Their solution is only needed once, however, for

any known wall temperature and chosen value of EI'
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III. COMPUTER PROGRAM

The program described in the first quarterly report for the main
finite difference calculation has been written and operated. A listing is
included as Appendix A. To date the program has run properly and pro-
duced velocity, gas temperature, and electron temperature profiles that
are plausible. Further more detailed checks on the self-consistency of
the results are now being carried out before any extensive calculations
will be attempted. The initial results suggest that as the current flow
through an electrode is increased the electron temperature near the wall
can build up, possibly to a value larger than in the free stream.

Another program has been written to carry out the calculation of
the initial profile. The three equations are reduced to seven first-order
non-linear equations which are then solved as a two-point boundary value
problem. The approach is to guess fw”’ glw, 0y and check the profiles
to see if f(;o’ 8o’ 900 all go to unity. If not other guesses are made and
the calculation repeated. A flow diagram for this program and a listing
are shown in Appendix B. So far the program has run and yielded plausible
profiles. Again further checks are being made to verify the accuracy of
the calculation. Initial results, however, show that the electron tempera-
ture profile will be several times thicker than the velocity or gas

temperature profiles. One would expect this since the electron thermal

conductivity is so much larger than the gas thermal conductivity.



IV. CHANNEL FLOW FOR INITIAL STUDIES

The channel flow chosen for the initial boundary layer calculation
has been developed by Les Nichols and is his case #001351 dated

November 16, 1966. He has chosen the following conditions for the channel

flow .
K =0.700 Seed = 0.01 P° =2 x 105 newtons
2
T = 2000°K M = 0.500 B = 10,000 gauss

Argon + Cesium
The £ variation of velocity, gas temperature, pressure, and density can
be taken directly from his calculation. They are shown in Table I where

gI = .01 and all edge quantities are to be specified at the half station. We

have chosen a A§ = .00002 for our calculation.
dug, dT,, d Ag
€ Yo d£ To d¢ P Po dt
.01001 395.61 222 1919. 98 1456 164, 000 0.5 0
.01003 395,61 222 1919.95 1459 163,999 0.5 0
.01005 395,62 222 1919.92 1459 163,998 0.5 0
.01007 395.62 222 1919.89 1459 163, 997 0.5 0
.01009 395.63 222 1919. 86 1459 163, 996 0.5 0
.01011 395.63 222 1919.83 1459 163, 995 0.5 0
.01013 395. 64 222 1919.81 1459 163,994 0.5 0
.01015 ‘395.64 222 1919.79 1459 163,994 0.5 0
.01017 395.65 222 1919.76 1459 163,993 0.5 0
.01019 395.65 222 1919.74 1459 163, 992 0.5 0
Table I
L. -1/4 .
In addition, we have taken £ =g and P_ = 2/3. For the electrical

R

quantities and Te we cannot use the channel flow values directly as they

-5 -



assume an infinitely fine segmentation whereas we are calculating a
boundary layer with finite segments. To resolve this difficulty we have
calculated j and E, at the channel centerline to be

Yoo le's)

t 2250 amps/m2 + anode, - cathode

.
I

= - 226 volts/meter

=
'

These uniform values were then redistributed over the electrode-insulator
wall making use of previously known theoretical calculations. As yet there
is no calculation which corresponds accurately to our conditions so the
above redistribution is for the time being approximate. The jy and E

e ] QO

distributions are shown in Figure 1 and Table II.

. E T dTe
J 00
3 Yoo X0 € dE
.01001 0 0 1921 0
.01003 0 0 1922 50, 000
.01005 0 0 1925 150, 000
.01007 0 0 1927 100, 000
.01009 -100 0 1928 50, 000
.01011 -200 0 1928 0
.01013 -350 0 1928 0
.01015 -500 0 1928 0
.01017 -900 0 1928 0
.01019 -1300 0 1928 0
Table II

It should be noted that the nozzle throat has been assumed to be approxi-
mately 34 inches from the start of the MHD generator electrode wall.

The first numerical results will be obtained for the above case since
edge quantities are varying moderately and should not introduce any un-

expected numerical difficulties. Later calculations will look at supersonic

-6 -
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free stream flows. Also observe that the first calculation only carries
to £ = .01019 (half-way along the first electrode). This is a practical
limitation due to storage problems in the computer. The final profiles
from this calculation will serve as the initial profiles for the next ten

£ stations and so on.



V. VALIDITY OF COLLISION FREE SHEATH ASSUMPTION

Until recent years all plasma-surface interaction analysis worked
from the assumption of a sheath of some specified thickness separating
the wall and collision dominated plasma (assuming Debye length << mean
free path). A matching procedure is then used to correlate the solutions
in the two regions.

This is the procedure that we are following in the present analysis.
However, it is not clear what error is involved when the Debye length is
the same magnitude as the mean free path, a case which may be of prac-
tical significance. Also, the potential due to the charge distribution near
the wall does not in fact vanish at some well-defined boundary, as has
been assumed.

It is in order to clarify such questions as the above that we have
begun a review of current analysis of plasma-surface interactions. The
most relevant would seem to be the "'moment'" methods since they do not
require the assumption of a sheath. Of particular interestis the work
by Bienkowski (Princeton), Probstien (MIT), and Terhune (GE Research

Laboratory). They should all be valid, in general, whether d < X or d > A



VI. FURTHER WORK

In the next reporting period, we expect to have correct calculations
completed for the first channel flow case. This includes the locally
similar solution in the entrance region and the finite difference solution
over the electrode wall.

Efforts will continue to clarify the range of validity of our sheath
assumption. We shall also attempt to formulate a more accurate sheath
analysis for possible future use where conditions warrant it.

A review of the literature will also be begun to try to determine more

accurate formulas for transport property evaluations.

- 10 -



APPENDIX A

The listing included here is for the main finite difference computa-
tion. The flow charts for the main program and its subroutines are
recorded in Section IIl of the first quarterly progress report (25 January -

24 April 1967).

-11-
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©04A34 1 _07-06-67
1 CMAIN , o o . S
2 COMMON/COML/BK,EM, ECICi‘Pl.AKO'RIY‘bn,)TE‘DUM(lU)'THIEKS!SDEKSIM'D
3 C1UML(7), MEDGE,EKS! e
I COMMUN/COM3/SMLHH(3),DUM2(350), TEEKST (10)
5 COMMON/COMS/N,NPLL,PCC,NWRIT,KK,NK, CONST,NRTST,NTIMES,DUM3(9),NVMN o
T e el RETURN HERE FOR START OF NEXT CASE
_.7 A0 MEDGESL_ e e R
8 NRTST = 1 2
9 CNTIMES =0 ) } ) o 3
qe T T TNK s g 4
11 BK = 1.38E-28 o o e 5
2T T EME9,1076-31 6
13 EC = 1.,602E-19 o S . 7
14 - C1 = 2.42€21 8
15 Pl = 6‘.71_4;'6_ o 9
1 TAKD T 8.854F-12 10
17 Ye1) = . e SO & |
18" Kz 8,31763 12
19 CALL READIN N o - 13
20 40 CALL EDGE1 14
21 SMLHH(2) = TW/TEEKSI(MEDGE) _ o 15
TUEETTTTTTTTR A N 20 e - 16
23 CALL NXTLST ) o o . 47
24 60 N = 1 18
25 CALL NXTLST _ _ - o - .19
26 70 N = N+1 20
27 CALL ABCD . . B e 24
28’ T CALL EKPK 22
.29 IF (NRTST=-N) 80,80,90 - _ S 23
39 80 CALL TEST 24
31 CNRTST = N - o N o o 25
32 IF (CONST) 90,200,200 26
33 o 90 IF (N=49) 70,110,110 T TSI 2 A
34 c CONVERGENCE NOT ATTAINED, PRINT AND GO TO NEXT CASE
35 110 wRITE (6,903) . 28
36 NWRIT = NPL1 30
37 CALL WOSUR , o - 31
38 GO TO 140 : 32
39 [9) LUNVt:r(ur: iCE ATTAX\FD. _G_QTO NE)(T _P_RQFJL_E ] N ~ R X
40 200 CALL WNSUSB ' 33
41 _ IF (PCCY 201,202,202 B 34
42 701 NK = KK 35
43 202 IF (XKkaNK) 220,220,210 o 36
44 C ITERATE UP TO kKK TIMES
45 _..210 NVMN = 2 e e e e e e e — 37
46" TUTTNK T2 NK+t o 38
47 , ~ CALL VMNSUR($50) ] ~ 39
48 c INITIALIZE FOR NEXT PROFILE
_49 _..220 Nk =1 e L _ .40
50 ' NYMN = 1 41
2y . _NWRIT = NPLL . e e e e A2
52 TCALL VMNSUR(S50) 43
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23 .
—
55
—a2-
57
58

07-06-67

260

902
903

IF (EXSIM-EKS]) 260,260,440

WRITE (6:,902)

6o TO 10 e

FORMAT (16H THATS ALl FOLKS)

FORMAT (36H CONMVERGENCE NQT ATTAINED, TRY AGAIN)
END

13

44
45

47

48
48
48



04A10 2

CEONPWN BWN-

06-01-67
CREADIN

SURROUTINE READIN
DIMENSION ARAKS](10)
COMMON/COMY /DUM1(68),TW,EKS]S,EKSIM,DKS],DUM2(3),DETA,TSOST,DELTA,
{MEDGE ,ExS]
COMMON/COM2/EDGE(10,14), YTEMPRA(S0) ,QEAT(50),0ECST(50)
COMMON/COMS/SMLHHE3) ,VI50),WLST(50,3),W(50,3), TEEKS](40)
COMMON/COMS /N, NP ,PCC,NWRIT,KK,NK,CONST,NRTST ,NTIMES,EP1,EP2,EP3,
{ERR,EPPY ,EPP2,EPP3I,NPRINT,NTAB ,NVMN
COMMON/COM6/DUM3(25),C2,PER,OIN,CP,ROMR,EM,T1W,P12,5M,R2
DIMENSION FF(12)
NAMEL 1ST/NAMEL/DEL TA,EKSYS,EXSIM,DKSY,PETA,QIN,CM,8SM,TIW,CP,PER,P!
12,€2,87 ,ERR,EPPL,EPP2,EPPI ,EPL,EP2,EPT
NAMEL 1ST/NAME2/TEMPRA,QEAY,QECST ,EDGE, SMLHH, TEEKS],V,W,NWRIY
NAMELIST/NAME3Z/KK,NTAB
READ (B,911)(FF(1),! = 1,12)
CALL SPGHDR(FF)
READ (5,NAMEY)
READ (5,NAME?2)
IF (ERR) 7,8,8
CALL RUNKUT
READ (5,NAME3J)
ROMR=3,1E~7«EDGE(L,7)Y4EDGE(L,2) 88,75
WRITE (6,900)EKSIS,EKSIM,DKST,DETA,QIN
900 FORMAT (7HOEKSIS=2E16,8,3X,6HEKSIMaEL6,8,3X,5HDKSI3EL6,8,3X,5HDETAS
1E16,8,3X,4HQINSEL6,8//)
WRITE (6,901)DEL.TA,ROMR,CM,5M,CP
901 FORMAT (7HODELTA=E16,8,3X,6HROMR =E16,8,3X,5HCM 3EL16,8,3X.5HSM =
1E16,8,3%,4HCP =E16,8//)
WRITE (6,902)TIW,PER,P12,C2,B2Z
902 FORMAY (THOTIW =E16,8,3X,8HPER 2E16,8,3X,5HP1Z =E16,8,3X,5HC2 =
1E16,8,3X,4HB2 =E16,8//)
CALL INITIL
CALL wosus
WRITE (6,905)
005 FORMAT (1MH1/14X6HTEMPRAZOXANOEAT2LXSHQECST/)
WRITE (6,906)(TEMPRA(]);QEAT(]),0ECST(1),] s 1,NTAB)
906 FORMATY (1w 3E25,8)
NN = (EKSIM-EKS1S)/DKSle1,5
WRITE ¢6,907)
907 FORMAT (1H1/10X4REKSIL7X2HUE1BX2HTELBXIHETEL7XIHDUEL7 XIHDTE/)
ARAKS] (1) = EKSIS
. DO 10 1 = 2,NN
10 ARAKSI(1!) = ARAKS](le1)+DKS]
WRITE 6,908 (ARAKSI (1), CEDGE(Y,J),J = 1,5),1 = $,NN)
908 FORMAT (LW 6E20,8)
WRITE (6,909}
909 FORMAT (1M1/7X4HEKSI1IXAMDETELIXARNRNOELIXSHDRHOEL2X4NAJYEL4XIHEXEL
13X4HPRES/)
WRITE (6,910 CARAKSTI (L), CENGE(T,J),J 3 6,11),1 ® $,NN)
910 FORMAT (1M 7E17,8)
911 FORMAT (1246)

~
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04410 2 06=01~67

53 9999 RETURN
54 END



04A48 3 05-22-67

1 CINITIL
2 SURROUTINE [INITIL
3 COMMON/COMY /DUM1(57),TE,DUMRL40), TW,DUM3(3),TDA,TDODA.DETA2,DETA,DU
4 1M4¢4)
5 COMMON/COM3/SMLHH(3),V(50),WLST(50,3),W(50,3), TEEKSI(10)
6 COMMON/COMS/N,NPL1,PCC,NWRIT,DUM5(15)
7 DO 10 1 = {,NWR]IY
8 DO 11 J = 1,3
9 11 WLST(I.J) = W(l,d)

10 10 CONTINUE

11 ¢ EXTEND PRQFILES

12 NPL1 = NWRIT+31

13 DO 12 1 = NPL1,50

14 V(1) = V(1-1)-DETA

15 Do 13 J = 1,3

16 WLSTC(L,J) = 1,

17 13 W(l.J) = 1,

18 12 CONTINUE

19 Tw = SMLHH(2)*TEEKSI (1)

-20 TDA = 2,#DETA

21 TDDA = 2,/DETA

22 DETA2 = DETA#*«2

23 9999 RETURN

24 END

16
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01A12 3

05-29-6

CENGF

9999

7

1

SURROUTINE EDGE1

COMMON/COMYL /DUM1(57),TE,ETE,PRES,AJYF,UE,DUE,DYE,DETE,RHOE,DRHOE ,E
1XE,TW,EKSIS,EKSIM,DKS],DUM2(4),TS0S],DELTA,MEDGE,EXS!
COMMON/COM2/EDGE(10,11),DUMILLSO)
COMMON/COMA/NUM4(29) » ROMR , DUM5(5)

UE = ENGF(MEDGE, 1)

TE = ENGR(MERGE,?2)

FTF = FDGE(MEDGE.,3)
DUF = EDGE(MEDGE, 4)
DTE = EDGE(MEDGE,5)
DETE = EDGE(MEDGE,S)
RHOE = EDGE(MEDGE,?7)

DRHOE = EDGE(MEDGE.S8)
AJYE = EDGE(MEDGE,9)
FXE = EDGE(MEDGE.,10)
PRES = EDGE(MEDGE,11)
ROMR=RHOE#3 ,1E~7aTEw*#,75
AA = MEDGE-}

EKS] = EKS]IS+AAaDKS!
MEDGE = MEDGF e}

TSOS! = SEART(2,#EKS]}
RETURN

END

17



03A26 2

O X NS (AN

06-07-67

CNXTLST

1

1

SURKOUTINE NXTLST
COMMON/COM1/BK,EM,FC,C1,P1,AKD,R,Y¢50),TE,ETE,PRES,AJYE,UE:DUM(5)Y,
EXE,DUML¢7),DETA,TSASI, DUM2(3)

COMMON/COM2/FDGE(10,11), TEMPRA(S50),QEAT(50),QECST(50)
COMMON/COM3/DUM3I(53) . WLST(50,3),W(50,3), TEEKSI(10)
COMMON/COM4/DUMACI00) ,H(3,3),EF(3,3),DUMS(60)
COMMON/COMS /N, NPL1,DUME(15),NTAB,» NVMN
COMMDN/COME/ELLS,EL,ELNX, YAMLS, YAM, YAMNX,PRNLS,PRN,PRNNXALFLLS, AL
F1,ALFINX,ALF2LS,ALF2,ALF2NX,S,GNX, THENX,ENX,CONX,SXM,BETAX,QE!, QE

2A,NECS,C2,PER,QIN,CP,ROMR,CM,TIW,PYZ,SM,RZ

QAA = 1,E-16

NPL1 = N+t
ELLS = EL
EL = ELNX

YAMLS = YAM

YAM = YAMNX

PRNLS = PRN

PRN = PRNNX

ALF1LS = ALF1

ALF1 = ALF1INX

ALF2L.S = ALF?

ALF2 = ALF2NX

GNX = ,5#(W(NPL1,2)+WLSTI(NPLL,2))

THENX = 5% (W(NPL1,3)+WLSTINPL1,3))

ET = ETE#THENX

PRNNX = 2,/3.

FLNX = GNX#%(-,25)

S=C1#(ET)ws1 . 54EXP(-C2/ET)

GRP = 4,#PER/(RK*S)#*PRFES/TE/GNX

IF (.01~GRP) 2,1,1

FENX = GRP/4,#%#(1,.-GRP/4,)*S

GO T0 3

ENX = S/2,#(SQRT(1.+GRP)-1.,)

ENUIN, = (QIN/BK)#(PRES/GNX/TE)#SORT( (8, #BK«TE#GNX)/(PT*EM))
CALL TABLE(TEMPRA,QEAT,QECST,ET,NTAB,N,QEA,QECS)

QEl = PI%((EC/AKO)#(FC/(16,#BKeETE#THENX)))##2e THENX*#21,5
OET = QEI¥ALOG(32.#(BKsETE)##1,5/EC/FC#AKO##1,5/(ECAENX#®,5))
ENUE = PRES#OFA/(BK2GNX#TE)+(PER*PRES/BK/TE/GNX~ENX)#QECS+ENXQE!
SQT = SQRT(8,sRK/EM=ETE«THENX/PI)

ENUE = ENUF#SQT

CONX EC/FEM#EC4ENX/ENUE
BETAX = RZ*EC/ENUE/EM
RETA] = BZ=EC/ENUIN/CM

SXM = 1 ,+BFETAX*BETAI]

Al = 1.24E7%ET#%1 . 5/7ENX®2,5

A2 = 1,8ES#ET/ENX#%(1,/3.)

GAM = ENX#(BK*TE/PRES)#GNX

RKSKA = 3, F-6aFT2#2,5/(TEaGNX) 2% ,75/AL0G(55,+A1a54+4A24%4)
RKFKA = BKSKA/(1.+BETAX®##2)/(1,+41,414a(1,-GAM)/GAMSBKSKA®S

1(QFA/QAAY*SQRT(EM/CM=GNX*TF/ET))

YAMNX = FLNX/PRNMX#BKEKA

18
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53
54
5%
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
73

06-07-6

5

11
10

9999

7 000000

ALFINX = 1,/SXM

ALF2NX = CONX#BETAI/SXM

IF (NPL1-1) 5,5,9999

GRP = YAMNX#CP#ROMR#UE/BK/TSQSI/DETA

AJFEYW = ALFAINX2AJYE+ALF2NX#EXE

SCRB = (AJYE+TIW)/EC/ENX#SORT(2,*PI1+EM/(BK#ETE=THENX))+SQART( (2, «P]
1#EM)/CM) —~ ’

R2 = JTEGRP/ (2,-AL0G(SCRB))'(AJYE*TIW*ECGENXﬁSQRT(BKﬁETEnTHENX/@ﬁ
1))+1,.5%GRP=2.54AJEYW) ;

B3 = -,25#R2 YemMm
ng 10 J = 1,3

no 111 = 1,3

H(T,J) = 0. S M

FF¢l,JY = 00

CONTINUE

H(3,3) = B?
FF(3,3) = B3
RETURN

FND
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O DN DL

06-06-67
CTABLE

10
101

11

13

14

15

16
901
9999

SUBROUTINE TABLE(TFMP,QEA,QECS,ARG5,KTAB,N.XQEA,XQECS)

DIMENSION TEMP(S50),QFA(50),QECS(50)

XTEMP = ARGS

IF (N) 10,101,110

IF (XTEMP-XTEMPL) 101,11,11

J =1

NTAB = KTAR

NTAB1 = NTAR+1

K = J-1

CALL TLUL(XTEMP,NTAB,TEMP(J)}.,J,ERR)

IF (1ERR) 13,14,13

WRITE (6,901)XTEMP

GO 70 9999

NTAB = NTABi~J

J = J+K

IF (NTAB) 99906,9999,15

XQFA = TNTI1(XTEMP,NTAB,TEMP(J),.QEACJ),2,1ERR)
XQECS = TNTL(XTEMP,NTAB,TEMP()),QECS(J)Y,2,1ERR)
XTFMPL = XTEMP

FORMAT (34K THIS TEMPERATURE 18 NOT IN TABLE~,E16,8)

RETURN
END

20
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CABCD

SUBROUTINE ABCD
COMMON/CUM1/BK,EM,EC,C1,P1,AKO,R,Y(59),TE,ETE,PRES,AJYE, UE,DVE,DTE .
1,DE 1k, RHOE, DRHOE, EXE, TW,EKS[S,EKS[H,DKS], TDA, TDDA DETAZ2, DETA.TSOSI

2,DELTA,MEDGE,EKSI

e
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FP = 5% (W(N,1)+WbST(N,1)) o
G = GNX
CJHETA = THENX L e+ e
HETAE = HETAX -
COND = CONX i
ENE = EnX
SUM = SxM
UU 1U I=1;3
plry = g.
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conmow/coms/SMLHH(3>.v(su),aLsr<Sd.s>.ucsu;3>,TEEst(1o>

COMMON/COMA/E (150,3) ,PHI(150,3) ,H(3,3),EF(3,3)TEMP(3,3),AA(3,3):8__

103,31, C(3:3)D(3).A(3,3),CKMAT(3,3)» TEMPP (D)
COMMON/CUMS /N, MPLL,DUMC15) 4 NTAB, NVMN_

COMMON/COME/ELL S, EL,ELNX, YAMLS, YAM, YAMNX, PRNLS,PRN, PRNNX.ALFlLS AL
1F 1, ALFINX  ALF2L S, ALF2,ALF2NX, S, GNX, THENX , ENX,CONX, SXM,BETAX,QE],QFE _

2h,0ECS,C2,PER,GIN,CP,ROMR,CM, TIW,P1Z,SM,BZ

LO 11 121,38
Lo 11 J=1,3

AACT,J)=0.

BE(I,J)=0,

C(I,Jd)=0

SNUS = PRFS/HK*QEA)/rF/b/CM*(QECS/SW)*(PER'PRES/TE/BK/G ~ENE)+(EN

1E#QEI)/CM

SNUS = SMUS#DELTA#SURT (8, #BK#ETE®THETA/PL/EM)
GRF = PRES#PER/BK/TE/G

S§1 = S#(1.5/ETF/THETA+C2/ (ETETHETA)##2)%(~,54(5/2,+GRP)/S/SART(1,
1+4,%#GRP/S)) '

S2 = .8#(CM/BK)#GRP/TE/G/SURT(1,+4 . #GRP/S)_ _ .
$3 = 2.#GRP/PRFS/SQRT(1,+4.%GRP/S)

FPA = (WLST(N+1,1)-WLST(N-1,1))/TDA o
FPAA = (WLET(N#1,1)%2,.%KLST(N,1)+WLST(N=1,1))/DETA2

GA = (WLST(N+1,2)=WLSTI(N=1,2))/TDA o
GAA = (WLST(N+1,2)=2,#WLST(N,2)+Wl,ST(N=1,2))/DETA2

THA (WLST(N+1,3)-WLST(N=-1,3))/TDA o
THAA = (WLSTI(N%1,3)~2, #WLST(N,3)*WLST(N-1,3))/DETA2
KHOS = R/PRES/40.#TE#(WLST(N,2)+WLST(N=1,2))
Y(N) = Y(NeLl)+TSQSI#RHOS®, 5#DETA/UF

CALL NXTLST L
ELA = (ELNX-BELLS)/TDA
YAMA = (YAMNX-YAMLS)/TDA

U‘&
N')

FRA = (PRNNX-PRNLS)/TDA
ALF1A = (ALFINX=ALF1LS)/TDA
ALF2A = (ALF2NX-ALF2LS)/TDA

vl = VIN) e
G1 = DKS1/(4,#EKST*FPaTDA) "

w2 =_2.5%BK*ETE/ECHTSOS]/ (ROMRSUE#CP#TE)
68 = DkST#NTE
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04al4 2

07=-06~67
w4 = PIZ2/(FHOF®CP=TE) ) , o ) ) 42
o = 1.5#8hubETH#THETA+P]Z 43
06 = 2,5¢bh#ETFeTHETA+P]Z L L o .44
W7 = 9, #bK/EC#RHOE*ETE#®UE/TSOSI/G 45
09 = ROMR#UE##2 ) ‘ 46
G0 = RKHQE#CP*ETE®UY9 47
8 = RHOF#CP#TE#QY . ] 48
W10 = 1, ,BspK&ENE 49
Pl = kP , . , . .20
0= 6 51
FP = WLST(M,1) 52
G = WLST(N,2) 53
THETA = WLSTIN,3) 54
AA(1,1) = QLl=#(V1=2.%EL/DETA~ELA) 5%
AACY L 2) = O, e e 56
T aal1,3) = 0. 57
ﬂ B(1,1) = 1.+DKSI«DUE/2,/VE+4.#Q1wEL/DETA - 1 -
#(1,2) = -DKSI*DUb/(Z *UE*Fl) 59
B(1,5) = . - . . 60
C(1,1) = ui*(-Vi'Z.*EL/DETA+ELA) 61
C(1,2) = 9, e 62
£(1,3) = 3, ‘ 63
U 1) = FP#(1,~DKSI#DUE/2,/UE)+ (DKSI1/4,/EKSI/F1)#(~FPA#V1+2, 4EKS]*G 64
1#QUE/VE+ELA#FPASEL%FPAA)

AA(R2,1) = ~2,%01UF##2/CP/TE#EL#FPA _ 65
AA(Z2,2) = Q1%(V1-2.#EL/PRN/DETA-ELA/PRN+Q4uENE«VI-P]ZaS24V1eG/RHOE 66
1) v eve e - e
AA(2,3) = Q1u(e2,#FTEMYAM/DETA/TE-ETE®YAMA/TE=-Q28 (ALF1AJYE+ALF2#E 67

LXE) +Q4#ETE#V1I#S1#G)
B8(2,1) = D 68
3(2,2) = 1.,+DKSI#UE#DUE/(2,%CP#TE)«(1,-P1Z#S3)+4,%01%EL/PRN/DETA+Q = 69

13/2./TE+(Q4+S1)#THETA#Q3-P]7eS24G/RHOE-PIZuCPeQ3#S2#G/RHOE/UE
B(2,2) = B(2+2)+NKS[/2,#UE*DUES(ENE#Q4)+(PIZ#ENE)/CP/RHOE/TE+(Q4s
1ENE) /2. /TE#33-DXKS{#CONDREXE®##2/Q8/2./F1/SUM>DKSI#AJYE##2#(SUMan2+
ZBCTAt**Z)/(Z.*CONJ*F1§08lSUM)+DKSI‘AJYE!BZ&(1,~P[2*53)/2 «UE/Q8~
SDKS[#(PIZ#ENE)*#82/2,/PRES#UE/QB*AJYE

B(2,3) = 4,%01eETE*YAM/DETA/TE-Q2#DKS][/8,/FL1/EKSI#(AJYE#ALFIA+EXE™ 71
LALFZ2A)+Q4#FTE#S1#G+04#S18G*33/2,

C(2,1) = ~AA(2,1) 72
Ci2,2) = J1lo(eV1ie2 #EL/DETA/PRN+ELA/PRN-Q44ENE#V1+eP[Z4S2#V1aG/RHOE 73
1}

C(2,3) = J1#(ETE/TE#(=2 , #YAM/DETA®YAMA)+Q28(AJYE*ALF1+EXE®ALF2)=04 74
1#31#ETE#Y L #'3)

D(2) = G=03#G/2,/TE=(],=P1I#S3)%UE#DKSI#G/(2,2CP+«TE)«DUE+2,#DETA®Q 75

114 (EL/PRN#GAA+GA#(FELA/PRN=V1)+FTE/TE# (YAMaTHAA®THA®YAMA Y +02# (THA®(
CAJYE#ALFL1+FXEsALF2)+THETA® (AJYERALFLA+EXE#ALF2A))=Q44ETE#S14GTHAS
SV1eU4#ENE#GA#V]14P]1Z4524V1#GaGA/RHOE+2 ,#G#EKS1/SUM# (CONDSEXE#%2+AJY
442 /COND# (SUMa#2+BETAE®#2))/08)+04#S1%ETE#GaTHETA-P1Z5524G##2/RH0
S5E-DKSI#UE*RHOE# (Q4#ENE)#G/2, /PRES#DUE+Q4ENE#G+DKSI®AJYE#BZ/2,#E
6/7Q08%(Ga(1.~P128S3)+P1Z#ENE/PRES)=Q4#ENE#Q3#G/2,/TE
AAtLS,1) = D0, i .. 76
AA(S,2) = (ENE/Q#Q6-S28Q5#CP#«TE)#Q9xV1/8,/FKS]/DETA 77

22



105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

L 0er14 2 07/-06-67

AACS,3) = Q9#ETE/4,/EKSI/DETA®(V1/2,%(010+S1#Q5)~CP#RHOE/Q*(YAM/DE
LTASYAMA/2.))-Q7/8,/DETASCALFI®AJYE+ALF22EXE)

B(3,1) = THETA#(Q9#DETE/2,4(010¢S51405)~=,75+ETE#BKeS3%UEw(-AJYE#BZ+
109#RHUE#DUE) )~ (ENE#Q6)#Q9sDRHOFE /2, /RHOE~S2405409/2,#CP#DTE #G-PIZ
2#538/2,#(09sUESRHOE*DUE=UE %A JYE*BZ)

B(3:2) = Q9=FP&((ENE#Q6)/Q/0KSI=(Q5#S2)#CPe(TE/DKSI«DTE/2.)) Q10
1TE# (EM2SNUS) ‘

B(3,38) 3 (N10+S1#Q5)#09#(TE4F1/DKS]+,5#DETE#FP)~,75#BKnETE#S3#FpPa(Q
19#RHOE®UE#DUE+QQ&YAM/2,/ (EKSI#DETA##28Q)= ,25#Q7 8 (ALFLA®AJYE+ALF2A#
2EXE)+Q10%ETE*(EM#SNUS)+ , 754ETERUERSS#AJYERRZ#FP#BK

C(3,1) = 0,

C(3,2) 2 =(ENE/UsQ6-52#05«CP+TE)wQ9#V1/8,/EKSI/DETA

C(3,3) = ~(U10+Q5#S1)#Q9#ETEXV1/8,/EKSI/DETA-QO#(YAM/DETA~YAMA/2,)
1/74./7EKSI/DETA/Q+Q7/DETA»(ALFLI#AJYE*ALF2#EXE)/S8,

D(3) = Q9«FTE#(Q10+058S1)#(+F1/DKSI#THETA~V1#THA/4,/EKS])+Q9#*(ENE/
1G#06-52405#CP#TE) #(FP#G/DKS|-V1#GA/4,/EKS]I+ENE#Q6#Q9%,5/RHOE*DRRQ
CE#FP

D(S) = D(3I)+P1ZaS3/2,#FPa(Q9sRHOERUE*DUE=UE*AJYE®BZ)+QO0#(YAMOTHAAS
1YAMA#THA) /4 ,/EKS1/0+,254Q07 % (THARCALFL®AJYECALF24EXE)+THETA®(ALF1Aw
2AJYE+ALF2ASEXE) )+ CONDSEXE##2/SUMua2+A JYE#22/CONDR (SUMB%2+BETAE##2)
3/SUM##2+Q10#TE#G» (EM#SNUS) Q1 0#ETE*THETA®# (EM#SNUS)

9999 RETURN

END
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Vo N T SN

Ne=29-6
CEKPK

}

20
30
40

50

60
70
80

100

120
130

140

160

170
180

18,

110

7

SUBROUTINE EKPK
_COMMON/COMI/SHMLLHH(3) ,DUML (300)

COMMON/COMA/E(150,3) PHIC(L50,3),H(3,31,EF(3,3),TEMP(3,3),AA(3,3),B

1(3,3),0(3,38),D(3),A¢3,3),0KMAT(E,3),TEMPP(3)
COMMON/COMS/N,NPLL,DUM(L7)

 DIMENSTON SCRACH(3,3)

IF (N=2) 10,10,140

D0_40 1 = 1,3

DD 80 4 = 1,3
ACTEd) s BOl.)
TEMPLL,J) = aA(],))

)
DO 20 K = 1,3
ACL D) 3 COLaK)#HOK) J)*ACT,J)

TEMP(L,d) = C(I,K)aEF(K,J)+TEMP(I,Jd)
CKMAT(L,J) = All.4)

CONTINUE

CALL MTINVCA,3,3,3,SCRACH)

DO B0 1 = 1,3

Dp 70 4 = 1,3

AACTd) = 0, L
VO 60K = 1,3

AACT,J) = ACTLK)RTEMP(K, JI1¢AA(T ) o
CONTINUE

CUNTINUE -

DO 110 [ = 1.9

E(6s1) = =AALS, ) ~
E¢<o,1) = ~aat2, D)

E(4,1) = =Aall,])

TEMPP(T) = 0,

DO 100 4 = 1,3

TEMPP(L) = C([,JY#SMLHH(J)*TEMPP(])

D(ly = DeLY=-TEMPP(L)

DO 130 1 = 1.3

PHI(2,1) = 0,

Do 120 4y = 1,3

PHI(2:1) = ACL,JY#D(J)+PHIL2:1)

CONTINUE

GU To 9999 o

MN = (N=1)#3=2

po 160 J = 1,3
TEMP(SsJ) = E(MN+2,J)
A(3'J) = H(&oJ)
TEMP(2,J) = E(MN+1,J)

L AG2,0) 2 B(2,d)

TTEMRP(L,0) = E(MN,.D)

AL, d) = B(l,d)

DO 190 I = 1.3

DO 180 J = 1,3

DO 170 K = 1,3

ACL,J) = CCL KYSTEMPIK,J)*A(L,J)
CONTINUE

24
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53
54
55
o
b7
54
59
61
61
62
63
64
69
54
67
64
69
749
71
72
73
74
75
76
77
73
75
8)
81

N6=-29-67

190
200

CONTINUE
CALL MTINV(A,3,3,8,5CRACH)
po ZSU [ = 1’5

0 220 J s L8

210
220
230

250

2600
270

2390
290

9999

TEMP(1,d4) = 0,

gy 210 K = 1,3

TEMPLI,J) = ACL,KYSAA(K,J)+TEMP(L,J)
CONTINUE

CINTINUE

M= SeN=-2

Y 259 1 = 1.3
E(M+2,1) = ~TEMP(S, 1)
E(M+1,1) = =TEMP(2,])
E(M, 1) = ~TEMP(1, D)
33 279 1 =2 1.3
TEMPP(I) = 0,
PAI(N,I) = U,

D) 260 J = 143
TEMPP(1) = CtI,J)#PHI(Nel ,J)+TEMPP(I])

D) = D -TeMpPP(T)

09 290 [ = 18

Ul 280 J 3 1438

PALIN, 1) = ACT, D)0 (J)+PHIIN, D)
CINTINUE

PLEPHI(N, L)
PREPHI(N2)
P3zPHI(N, 8)
RETURY

£ND
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BNV SAEWNP

06-29-67

CTEST

SUBROUTINE TEST

COMMON/COM3/SMLHH(3),0UML1(360)

© COMMON/COM4/E(150,3),PHI(150,3),DUM2(78)

100

79999

COMMON/COMS/N,DUMS(5),CONST,DUM4(2),EP1,EP2,EP3,DUMS(7)

M = 3#N=2
TERML
TERM2
TERMS

u nn

IF (TERMZ2-EPZ2) 2,100,100
IF (TERM3~EPS$) 3,100,100
CONST = »1,

GO TG 9999
CONST = 0,
RETUKN

END

ABS(1.-E(M,1)~E(M,2)~E(M,3)=PAI(N,1))
ABS(1,=E(M+1,1)eE(Me1,2)=E(M+1,3)=PHI(N,2))
ABS{1,=E(M+2,1)nE(M+2,2)eE({M+2,3)=PH]I(N,3))
IF (TERM1-EP1) 1,100,100

26
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03A06 1 07-05-67 _
1 _.CWNSUB
2 SURRNUTINE WNSUB
3 _ PIMENSTION AAA(3),BRB(3)
4 COMMON/CNMI/SMLHH(3) ,VE50),WLST(50,3),W(50,3), TEFKSI(10y
5 COMMNN/CNMA/E(150,3),PHI€150,3),H(3,3),EF(3,3),TFMP(3,3),:DUM1(51)
6 fOMMON/COMS/N,NPLL1,PCC,DUM2(10),FPP1,EPP2,EPRPI,NUM3(3)
7 NPL1=N B
8 po 10 1 = 1,3
L9 10 W(N, 1) = 1. S - S
10 PCC = '1-
11 35 N = N-%
12 TERM1 = W(MN,1)
13 o ~ TERM2 = uW(N,2y
14 TERM3 = W(N,3)
5 MN = JaN-2 e o
16 no 56t = 1,3
17 TEMP(3,1) = F(MN+2,1)
18 TEMP(2,1) = E(MN+1,1)
19 50 TEMP(1,1) = E(MN,I)
20 no 701 = 1,3
-3 N W(N, 1) = 0,
22 no 60 J = 1,3
23 60 WIN,I) = TEMPEYI,J)#WN+1,JY+W(N, 1)
24 70 WEN, 1) = WIN,D)4PHI(N,T)
25 IF (N=-2) 75,75,20
26 20 IF (PCCY 30,30,3
27 30 1F (ABS(TERM1<=W(N,1)}-FPP1) 1,1,100
28 1 YF (ABS(TERM2=W (N, 2} ) =FPP2)} 2,2,100
29 2 IF (ABS(TERM3=-W(N,3))=FPP3) 3,3,100 o
30 100 PCC = +1,
3T 3 1F (N-2) 9999,9999,35
32 75 M0 90 1 = 1,3
33 AAA(IY = 0,
34 RBR(1) = 0.
35 e no 8n 43 1,3 - L
36 AAACT) = HET dYsW (P, J)+AAAL]Y
37 80 BBR(1) = EF(1,J)*W(3,J)+RAR(T)
38 90 W(1,1) = BRBCI)+AAACT)+SMLHH(T)
.39 . 60 _To 20 -
40 . 9999 RETURN
. - S __END_

27

12 N

P OEF ST QN Iy




01A48 B

[ PP P T (P el
CONOCVHBGWUNHROOD® SO U H W R

N e
- o

05-22-6
CVMNS

10

29

12
11

99
9699

7

uB

SURROUTINE VMNSUB(»)
COM?ON/COMi/DUH1(69).EKS!S.EKS!M.DKSI.YDA.YDDA.DEYAZ.DETApDUMZIS).
1EKS

COMMON/COM3/SMLHH(3) . VI50),WLST(50,3),W(50,3),TEEKS]1(10)
COMMON/COMS/DUM3(18) , NVMN

TERML = EKSI#DETA/DKSI

TERMZ2 = DETAZ4,

DO 10 1 = 2,50 ‘

VIT) 2 y{l=g)=C(TERMLI4TERM2)# (W] 1 eW(]le1,1))4¢(TERML=TERM2) 0 (WLSTY
11,1)+WLST(1=1,1)) '

GO TO (29,99),NYMN

DO 11 1 = 1,50

DO 12 J = 1,3

WLST(I,J) = W(l,J) ' , -
CONTINUE

CALL WOSUB

GO TOo 9999

RETURN 1

RETURN

END

28
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NS W

05-22-67

cWwosuB

1

10

902
903

904
9999

SURRAUTINE WOSUSB

COMMON/COM1/DUM(7),Y(50),DUML(12) ,EKSIS,EKSIM,DKST,DUM2(6) yMEDGE,E
KS1

COMMON/COM3/SMLHH(3),V(50) ,WLST(50,3),4(50,3),TEEKSI(10)
COMMON/COMS /N, NP1 ,PCC,NWRIT,DUM3(15) ‘

IF (1-MEDGE) 1,2,1

EKS] = EKSIS~,5#DKS]

DO 10 I = 2,NWRIT

YCI) = Y(I-1)s1,

G0 To 3

EKS! = EKSI+,5#DKS]

WRITE (6,902)(EKSI)

FORMAT (1H1/5HEKSI=ZE16,8/)

WRITE (6,903)

FORMAT (1HO11X2HFPI9X1HGI6XSHTHETAL18X1HVIOX1HY /)

WRITF €6,904) ((WCT,JY,d = ¢,3),VOIY,¥(I),! = 1,NWRIT)
FORMAT (1K 5E20,8)

RETURN

END

29



APPENDIX B

The flow diagram and listing included here are for the computer
program written to carry out the calculation of the initial profile. A
fourth order Runge-Kutta method subroutine is employed to solve the
equations described in Sections II and III.

The following equivalence between major variable names employed

in the equations and in the program should be noted:

U(l)=f=-V
U(2)=f
U (3)=f
U(4) =g
UG5 =g
U (6) =6
U(n=8

’77‘/(...) = function of (...)

F@3)=f =%(f,g g)
F(5)=g = % £,8 8,60, 8)
F(7)=6"= %1 g.g,6,0)

- 30 -



i
i
4

READ
(IMPUT

|
.
4
[

NﬁME::lz
NVAR = L i

o .

Do T =

1,7

WIANTLY = /

W (ry |
N

L YAMA = O

Il

W RITE
,/\/ﬁUT

(NTBL=o0
rx = 0
NV 7

cALL N\
LAMD A ]

w7t =
F(&®

H

CalL
LkpPE

MAIN PROGRAM

- 31 -
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MAIN PROGRAM (Continued)

ETAYV =
ETH PR

- 32 -



MAIN PROGRAM (Continued)

7

P P e
e ™ & AU = ©0. OF~
S NTIME: 27 .
AN - *:(//\—-\/J/
. e |
~.
L
44 =.5.4
UINT LB)

[4oip (-2
ueth D

—

winT(3) =
NEERNEPREY-YIL

Lyrmime + |

|

Vi
=TAY - O,

- 33 -



MAIN PROGRAM (Continued)

NVAR = 2

> -y A(JL = . 059
?H: £ (‘l)‘ \\NT/m.‘:’:i L{/NTCS)
[ (uw) -1) ‘ S
_ O
>

idu=.5A4 ]
owuNT (8]

oL D (u)- U]
|__wolD (¢) |

WNT CS) =
WINTES)+A U

- 34 -



MAIN PROGRAM (Continued)

fe= q(6)-2
[lucs)-2) |

|

Abl.; « 5 A
WINT (G6)

MIIATIA)
___——————"—'—
(_uolD(C) |

winT(6) =
WINT(6) +au

- 35 -



LAMDA

BPSP = szx

N,

i)

e =% (Vg + 7857 - 1)

i\
%
N

Yy s Ll e, *,?/
AKSAH= ’:}‘.‘(_AJ;JLJ...)

Al ERG = F(AKSA cer’

RETUPN
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DERIV*

KFIRST- 2
ET=z 872 o

CaLL TARBLE
(s4me SUE. A
N T AN aALC,
SEE AGF Y, A)

Jeed. A
SQ: geé‘ J

Y
z 5/?»(5

|

SoLtveE 7 E=:S,

Fog [F(Z,,
= £, 7

I

,eé‘y'c}/d/‘/

I
i
|

*The Runge-Kutta integration subroutine CALLS DERIV, which contains the
seven first-order non-linear differential equations for simultaneous solution.
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agu 1 0/-RB-67 . MAIN PRUGRAM
L _C Malw MAIN PRUGRAM
2 - COMMON /CCOM1/ PIZ,CP,ETE,Uk,CM,EM,1E,C1,C2,PER,PRN,EKST,AK0,EC,
$ 1UEAYAA, ROMR, 4K, PRES,P],SM,RHOE e o
4 uaﬁhﬁﬁ7ccUM27 UL7),F(7),YAM1,YAM2, YAMA ,KF [RST
2 CUMMUN /CCOM3/ BPSP,ET,TeST,S,ENE,NTBL o
e LuMMON /CCOM4/ TEMPRA,QEAT,QECST,NTHA
7 LIMENSION TEMPRA(50),0EAT(50),QECST(50) S
Ty T T T LIMENSION USV(7),ATEMP(32)
9 DIMENSTON GINTC7),U000L0(7) o o o e
107 7T T EXTERNAL DERTYV
11 NAMELLST /INPe:/ U,DETA,ETAV,ETAFL, TEMPRA,QEAT,QECST, NTBA
Tl T T UNAMELIST/OUTPUT/Z YAMA,U,F,ETAV,DETA, YAML,YAM2, ] TRY
13 1 hEAU(S, INPUT)Y L ;
3T TUNT ImE E 1
15 NVAR T 1 S
16 U 11 1=1,7
B A S S RS E1VN S §) - S
13 2 YAMa=zy,
1y __AWRITECe,INPUT) o
20 TUNIBL=U
1 Ixsy
2¢ TTavs/
23 _C . _ _ I
24 o P IND LAMDA FOR THETA PRIME CALCULATION
€2 c . ) , . e
Pr T CALL LamBa
27 U(7)24, #SQRT (2, #EKS] ) #{CM/ROMR/UESSQRT (BK#ETE/SM) ) #(2,+ ,58ALOGCSM/
B L L L T i)
€9 . ___ CALL KKPBUDERIV,ATEMP,ETAV.DETA,U,F,NV) —
50 C
S51 c clAV 1S THE INDEPENUENT VAR]ABLE N o .
YA c TUETA 1S THE DELYTA ETA
88 € U ls THE_QEPENDENT VARIABLE ARRAY ~ e
34 c F IS IHE DERIVATIVE ARRAY
85 c elTAFL IS THE FINAL ETA B e
% T[0T T '
87, w5 KEIRST=Y .
33 C ' o
89 £ _KEIRSH |S a CONTROL TO SAVE YAM1 INITIALLY [N DERJV
41) o}
sl EIAPREETAV
4.2 TLIRYS0
49 Lo buo1ce TA=1.7
44 10 USVIIA)=UCTA)
42 .. _15 vALL RkpB1 e
46 FIKY=[TRY+1
A Jb CITRY.LT,4) GO TO 16
LI} WRITE(6,0UTPUT)
49 16 it CLIRY,EQ,2) GO 10 50
5¢ c
21 C._ feST FOR FINAL ETA
5e C
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—2a20 1 D7-95=67. __ ___ _. . MAIN. PROGKRAM .. .

53 e IFCETAV,.GE.ETAFL) GQ TO.3
o4 P C1ITRY.EQ.4) GO TO 5
55 CALL RKPB2Z N
56 60 TU 1%
—27 L. . R
sy c ReE-CALCULATE LAMDA PRIMg
59 c e . -
60 50 YAMA=(YAM2-YAM1)/DETA '
el o) e
2 C RESET VALUES TO PREVIQUS POINT
o8 C_ . e e e
04 ETAVzETAPR
ts - BO by LAY, T
) 60 UCLA)ISUSV(IA)
€7 LO 10 15 o
) 3 1F (NVAR=2) 100,101,102

9 100 Ir ANIIME-20) 103,103,104 _ -
70 104 wRIIE (6,105)

3 . _ 105 FORMAT (34HLFAILED TO CONVERGE GO TQ _NEXT_CASE)_
‘2 GU 10 1 .

738 105 1k (ABS(U(2)-1.)=.,001) 101,101,307 _
74 107 A = (1,=U(2))/7ABS(U(2)=1.)

ot CLF (NTIME,GT.1) GO TO 108
7¢ DELY = ,02#A%UINT(3)

Y _GY 1o 109 , o o L
/¢ 1C8 DELU = S5#A*UINT(3)#ABS(UOLD(2)Y~U(2))/7U0LD(2)
IS o AU9 UINICS) = UINT(3)eDELV -
8 po 7 1-"-1)7
P o bobpaid=uery _ -
He 7 Utl) = UINT(D)

B8 . NlIME = NTIME+1 _
84 E1AV = 0,

8o GO0 2 . _
86 1U1 NVAR = 2

87 1P (NTIME-20) 111,111,304
83 111 1P (ABS(uU(4)-1,)=.001) 102,102,110

.. 8% 110 A = (1.-U(4))/ABS(U(4)=1,)

99 I[F (NVIME,GBT,.1) GO TO 115

% e DELU 2, 00#ARUINT(S) —
9e GO 10 116
94 115 LELU = ,5#A#UINT(5)#ABSIUDLD(4)=u(4))/7UDLD(4)
94 116 UINI(D) = UINT(9)+DELU

94 b0 o8 1=1.7 L o
9 VULLLL) = Ul

—r LLBoBAD) B yINTCD) ) e
93 NEIME = NTIME+1

.91 _ E1Av = g,

163 @0 10 2

_lut 102 NVAR =3 :
1u? IF (NTIME=20) 112:112,104

Jlud o112 0F caBS(U(6)~1,)=,001) 1.1,113
Ui 113 A = (U(6)=-1.)/ABS{U(6)e1,)
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L 02A20 1

1uy
106
147

TTiug T
109

RN
111

REEY
113

P

115

1,7

0/~25-67

117
118

MAIN PROGRAM

It (NTIMELGT,1)Y GO TO 117
DELU = ,01#A®UINT(6)
U 10 113

ULy 5 ,5#A*®UINT(6)#ABS(UOLD(6)-U(6))/UO0LD(6)

UlNI(6) = UINT(6)+DELV
[AFO I l=1p’

vOLUCE) = u(l)

Uil) = UINT(I)

NTIME = NTIMEs+]

ETAV = 9,

60 1y 2
END

40



Bi1RQ9 ? 07-17-67 BLOCK PROGRAM

¢ BLOCK BLOCK PROGRAM

ALNCK DATA

FOMMON /CCOML/ P1Z,CP,ETE,UE,CM,EM,TF,C1,C2,PER,PRN,EKSS 1 AKD (EE,
1NEAQAA,ROMR,RK,PRES,P],SM,RHOE ,

DATA P17/6.22E-19/,CP/515,/,EYF/1920,/,UE/395,6/,CM/6.67E-26/,
LEM/9,107E-34/,YE/1920,/,04/2,420E24/,C2/4,49€4/,PER/ .01/, ,
2PRN/, 666667/, EKS1/,01/,AK0/8,854E~12/,EC/1,602F-19/,0EAQAA/ L/,
3ROMR/449,5775E=7/,BK/1,3BE=23/,PRES/164000./,P1,3.1416/,
48M/2 ,2E=25/,RHOE/,5/

END

L RV o

DO ®I IV S

s

41
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A OODNONBEWN

07-17-67 LAMDA CALCULATION

£ LAMDA LAMPA CALCULATIAON

SURRAUTINE [AMDA

£OMMON ,€COMLy P1Z.CP,EYE,UE,CM,EM,YE,C1,C2,PER,PRN,EKS1,AKD,EE,
1NEAGAA,ROMR,BK,PRES,P1,SM,RHOE

COMMAN/CCOM2/ U(T7),F(7),YAML,YAM2,YAMA,KFIRST

cOMMAN /€CAM3/ BPSP,ET,TESY,S,ENE,NTBL

RPSP=PER®PRES

S=CLsETENR{L,5)nU(6) 81 ,5)0EXP(~C2/(ETESUL6)))
TEST=4,#BPSP/(L(4)#TE#S4BK)

{F(TYESY,BY,,.04) 60 TO 15

ENFsYEST®S/4,8(1,~TEST/4,)

60 Y0 20

15 ENE=2S8/2,4(SQRT(1,+TESTI=1,)
20 ALAM1=1 24E7%(ETExU(6))une 5/ENE#s,5

ALAMD=1 BESETESLI(8) JENE®RLY,/3,)

EAMMAZBK*TE#ENE#U(4) /PRES

AKSKAS (7 ,SE=7#(Ut6)SETE)*#2,5/(TEaUt4)Yun,?5)/(, 258410855, sALAMY
1a2d4+A AM2084))

AKEKAZAKSKA/t1,01,41421400, /GAMMASAKSKASOEAQAASSORT(IEM/EMIatU{d)n
1TEY/(UC6INETEYY)

YAM2=AKEKASU(AYus(~,25) /PRN

500 RETURN
END
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07-12-47 DERIVATIVE ROUTINE

€ DERIV DERIVATIVE ROUTINE

Qa0

o Re e ]

SURROUTINE DFRIY
CoMMON /CCOMLs PYZ,CP,ETE,UE,CM,FM,TE,C1,C2,PER,PRN,EKSL1)AKD ELC,
1NEAQAA,ROMR,RK,PRES,P],SM,RHNE
COMMON/CCOM2/ U(7),F(7Y,YAML,YAM2,YAMA,KFIRSY
COMMAN /CCAM3/ RPSP,ET,TEST,S,ENE,NTRL
COMMAN /CCAM4/ TEMPRA,OEAT,QFCST.NTBA
NIMENSION TEMPRA(S50),0EAT(50),nECST(50)
CALL LAMDA
IF(KFIRST,FR.0) YAMisYAM2
KFIRST=1
FT=U(6)#FTF
10 CALL TABLE(TFMPRA,NEAT,QFECST,ET,NTRA,NTBL,NEA,NECS)
15 NTRL=1

CALCULATE VARIABLES

2N S1=S«(3,/(2.#ETERU(6))+C2/(ETE=U(6) )2 e2) (= ,5+(S/2,+TESTHS/4,)/(Se
1SQRT(1,+TESTY))
TERML=1,/(Li(4)*RK)
Q2=((4.4CM8BPSP/(5,#TE##2) Y#TERMI ) # (TERML/(SQRT(1,+TEST))) .
TERMI=PI#(6)u#(1.5)2((EC/(16,2BKI)#(EC/(AKO#ETE) (1, /Ul6)))ns2
TERMOZALOGE(( (32, /FECY#(RK/ECY#(ETE®AKQ/EC) Y ( (SQRY(BK))/(SORY(ENE)
1)))%(SART(AKO#FETE)YY)
3N NET=TERM1«TERM?
TERMI=(QEA/CMY#(PRES/(RK*TE)Y#(1./U(4))+tQFCS/SMI( (BPSP/(BKaTF))»
1¢1./70C4))=ENF)I+((QF[/SM)#ENE)
40 SNUS=TFRM1#SORT(((R,#BK&ETE)/(PI*EM))#U(6))

CALCULATE DPERIVATIVES

F(l)y=sut2)

F(?2)=ut3)

F(3)zUt4) s ,252j(3)n(,254)td4)en(-1,.25)2U(5)~U(1))
F(4)=Ut5)

CSNTI=BK#ETR#(6)

TERMI=YAMARU( 7)Y+ (UL #II{A)#UC7Y/(RHOF#CPY)# (1 ,5eRK#ENE+(1,54CSNTYL
iPI7)=S1)
TERMP2=U(S)YuUC1)/(RHOESCPAETEY# ¢ (1 ,58CSNT1+P)7)aS2+ENFul2,5#CSNTL+
1P17))

TERM3I=(ENE#J(4) %2, *EKS1/(ROMRRE##2) )% (3, #RKeETE/ (RHOE*CP#TEY Yn(FM
1aSNUS)I®(U(6)=TEaU(4)/ETE) =

50 F(7)='1./YAM2G(TERMI'TERMZGWQEMS,

TERMI=U(1)2U(S) = (U4 ual=1,25)2U(S)#%2/ (4, #PRN)I+(UES|(T))*a24j(4)
les (= ,25)/(CP*TF) ’
TERMOZFETE/TE® (L (7)aYAMA+YAMRRF (7)) +P1 2% ((ETE/(RHOFE#CPaTE))#Stwati(4)
1%U(4)#1)(7)=-S2#U(1)5UC4y8U(S) /RHOF+FENE#U(1)2U(S)/(RHOE*CP*TE))
F(5)=~PRN#U(4)%st 25V (TERMI=TFRM2)

F(é)y=yt7)

50N RETURN
FEND
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